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The asymmetric unit of the title compound, C 14 H 14 C1N0 2 S, 
contains two independent molecules, which are twisted at the 

5 atoms with C-SO z -NH-C torsion angles of -69.4 (7)° 
and 66.0 (8)°. The sulfonyl and the anilino benzene rings are 
tilted relative to each other by 49.0 (4) and 61.7 (3)° in the two 
molecules. In the crystal, the molecules are linked into chains 
by N— H- • -O hydrogen bonds. 

Related literature 

For hydrogen-bonding modes of sulfonamides, see: Adsmond 

6 Grant (2001). For our studies of the effect of substituents on 
the structures of 7V-(aryl)-amides, see: Gowda et al. (2006), on 
/V-(aryl)arylsulfonamides, see: Nirmala et al. (2009); Shakun- 
tala et al. (2011a,f>) and on Af-(aryl)methanesulfonamides, see: 
Gowda et al. (2007). 



V = 5834.4 (8) A 3 
Z = 16 

Mo Ka radiation 

Data collection 

Oxford Diffraction Xcalibur 
diffractometer with Sapphire 
CCD detector 

Absorption correction: multi-scan 
(CrysAlis RED; Oxford 



Refinement 

R[F 2 > 2a(F 2 )] = 0.128 

wR(F 2 ) = 0.345 

S = 1.07 

5320 reflections 

347 parameters 



Table 1 

Hydrogen-bond geometry (A, °). 



ji = 0.40 mm -1 
T = 293 K 

0.40 x 0.20 x 0.06 mm 



Diffraction, 2009) 

r min = 0.856, r max = 0.976 
21403 measured reflections 
5320 independent reflections 
2694 reflections with / > 2a(I) 
R in , = 0.106 



1 restraint 

H-atom parameters constrained 
A/w = 1.06 e A~ 3 
Ap mi „ = -0.41 e A~ 3 



D-H- -a 


D-H 


H- ■ A 


D-A 


D-H-A 


Nl— H14---02' 


0.86 


2.49 


3.001 (9) 


119 


N2-H2A- ■ 01 a 


0.86 


2.39 


3.006 (9) 


130 


Symmetry codes: (i) — x - 




— x + |, -y - 


hl,z-i 





Data collection: CrysAlis CCD (Oxford Diffraction, 2009); cell 
refinement: CrysAlis RED (Oxford Diffraction, 2009); data reduc- 
tion: CrysAlis RED; program(s) used to solve structure: SHELXS97 
(Sheldrick, 2008); program(s) used to refine structure: SHEEXL97 
(Sheldrick, 2008); molecular graphics: PLATON (Spek, 2009); soft- 
ware used to prepare material for publication: SHELXL97. 

KS thanks the University Grants Commission, Government 
of India, New Delhi, for the award of a research fellowship 
under its faculty improvement program. 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: DS2123). 




Experimental 

Crystal data 

C 14 H 14 C1N0 2 S 
M, = 295.77 
Orthorhombic, Pbca 



21.990 (2) A 
= 10.0470 (8) A 
■■ 26.408 (2) A 
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4-Chloro-A L (3,5-dimethylphenyl)benzenesulfonamide 
K. Shakuntala, S. Foro and B. T. Gowda 

Comment 

The sulfonamide moieties are the constituents of many biologically important compounds. The hydrogen bonding prefer- 
ences of sulfonamides have been investigated (Adsmond & Grant, 2001). As a part of our work on the substituent effects on 
the structures and other aspects of this class of compounds (Gowda et ah, 2006, 2007; Nirmala et ah, 2009; Shakuntala et ah, 
20lla, b), in the present work, the crystal structure of 4-chloro-A r -(3,5-dimethylphenyl)- benzenesulfonamide (I) has been 
determined (Fig. 1). The asymmetric unit of the structure contains two independent molecules. The molecules are twisted 
at the S atoms with the C — SO2 — NH — C torsion angles of -69.5 (7)° and 66. 1 (8)° in the two molecules, compared to the 
values of 65.3 (2)° and 54.6 (2)° in the two independent molecules of 4-chloro-A L (2,5-dimethylphenyl)-benzenesulfonamide 
(II) (Shakuntala et ah, 2011ft), and -53.8 (3)° and -63.4 (3)° in the two molecules of 4-chloro-A L (phenyl)-benzenesulfonam- 
ide (III) (Shakuntala et ah, 201 la) and 67.9 (2)° in A^3,5-dimethylphenyl)benzenesulfonamide (IV)(Nirmala et ah, 2009). 

The sulfonyl and the anilino benzene rings in the two independent molecules of (I) are tilted relative to each other by 
49.0 (4)° (molecule 1) and 61.7 (3)° (molecule 2), compared to the values of 59.3 (1)° (molecule 1) and 45.8 (1)° (molecule 
2) in (II), -53.8 (3)° and -63.4 (3)° in the two independent molecules of (III), and 54.6 (1)° in (IV) 

In the title compound the molecules are linked into chains by N — H-O(S) hydrogen bonding (Table 1 and Fig. 2). 
Experimental 

The solution of chlorobenzene (10 ml) in chloroform (40 ml) was treated dropwise with chlorosulfonic acid (25 ml) at 0 
0 C. After the initial evolution of hydrogen chloride subsided, the reaction mixture was brought to room temperature and 
poured into crushed ice in a beaker. The chloroform layer was separated, washed with cold water and allowed to evaporate 
slowly. The residual 4-chlorobenzenesulfonylchloride was treated with 3,5-dimethylaniline in the stoichiometric ratio and 
boiled for ten minutes. The reaction mixture was then cooled to room temperature and added to ice cold water (100 ml). 
The resultant 4-chloro-A r -(3,5-dimethylphenyl)-benzenesulfonamide was filtered under suction and washed thoroughly with 
cold water. It was then recrystallized to constant melting point from aqueous ethanol. The compound was characterized by 
recording its infrared and NMR spectra. 

Prism like colourless single crystals used in X-ray diffraction studies were grown in ethanolic solution by slow evapor- 
ation at room temperature. 

Refinement 

The H atoms were positioned with idealized geometry using a riding model with the aromatic C — H = 0.93 A, methyl 
C — H = 0.96 A, N — H = 0.86 A and were refined with isotropic displacement parameters (set to 1.2 times of the U e q of 
the parent atom). 
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The residual electron-density features are located in the region of H1A and SI. The highest peak is 1.31 A from H1A 
and the deepest hole is 1.09 A from SI. To improve considerably values of Rl, wR2, and GOOF these bad four reflections 
(4 3 1022722523 4) were omitted from the refinement. 

The crystals available for X-ray studies were of rather poor quality and weak scatterers at high theta value resulting in 
relatively high R values. 



Figures 




Fig. 1 . Molecular structure of (I), showing the atom labelling scheme and displacement ellips- 
oids are drawn at the 50% probability level. 



Fig. 2. Molecular packing of (I) with hydrogen bonding shown as dashed lines. 



4-Chloro-iV-(3,5-dimethylphenyl)benzenesulfonamide 



Crystal data 
C 14 H 14 C1N0 2 S 
M r = 295.77 

Orthorhombic, Pbca 
Hall symbol: -P 2ac 2ab 
a = 21.990 (2) A 
b= 10.0470 (8) A 
c = 26.408 (2) A 
V= 5834.4 (8) A 3 
Z = 16 



F(000) = 2464 

D x = 1.347 MgnT 3 

Mo Ka radiation, X = 0.71073 A 

Cell parameters from 2329 reflections 

6 = 2.5-27.8° 

u = 0.40 mnT 1 
7=293 K 
Prism, colourless 
0.40 x 0.20 x 0.06 mm 



Data collection 



Oxford Diffraction Xcalibur 
diffractometer with Sapphire CCD detector 

Radiation source: fine-focus sealed tube 

graphite 

Rotation method data acquisition using co scans. 

Absorption correction: multi-scan 
(CrysAlis RED; Oxford Diffraction, 2009) 
r min = 0.856, J max = 0.976 
21403 measured reflections 



5320 independent reflections 

2694 reflections with / > 2a(I) 
R int = 0.106 

6max ~~ 25.4 , 0 m in ~~ 2.7 

h = -26-^26 

£ = -9^12 
/ = -25^31 
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Refinement 

Refinement on F 2 
Least-squares matrix: full 
R[F 2 >2o(F 2 )] = 0.128 
wR(F 2 ) = 0.345 

S= 1.07 

5320 reflections 
347 parameters 
1 restraint 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 
w=\I[q 2 (F 2 ) + (0.1148P) 2 + 41.4199P] 
where P = (F 0 2 + 2F 2 )/3 
(A/o) max = 0.003 

Ap m ax = 1 .06 e A~ 3 
Apmin = -0.41 e A~ 3 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , convention- 
al i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > g(F 2 ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. R- factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A ) 





X 


y 


z 


TJ- *ITJ 
^iso ' *^eq 


Cll 


0.00034 (14) 


0.0421 (4) 


0.59314 (17) 


0.1103 (14) 


SI 


0.26317 (10) 


0.0246 (2) 


0.50757 (9) 


0.0454 (6) 


Ol 


0.3036 (3) 


0.0914 (6) 


0.5418 (2) 


0.0544 (17) 


02 


0.2769 (3) 


-0.1061 (6) 


0.4911 (3) 


0.0547 (17) 


Nl 


0.2594 (3) 


0.1192 (7) 


0.4583 (3) 


0.0456 (18) 


H1A 


0.2778 


0.1947 


0.4587 


0.055* 


CI 


0.1902 (4) 


0.0237 (9) 


0.5340 (3) 


0.047 (2) 


C2 


0.1472 (5) 


-0.0646 (11) 


0.5157(5) 


0.070 (3) 


H2 


0.1570 


-0.1267 


0.4910 


0.084* 


C3 


0.0889 (5) 


-0.0574 (12) 


0.5355 (5) 


0.082 (4) 


H3 


0.0593 


-0.1163 


0.5242 


0.098* 


C4 


0.0746 (5) 


0.0348 (11) 


0.5713 (5) 


0.065 (3) 


C5 


0.1174 (5) 


0.1204 (11) 


0.5888 (4) 


0.069 (3) 


H5 


0.1075 


0.1818 


0.6138 


0.083* 


C6 


0.1749 (4) 


0.1166(10) 


0.5699 (4) 


0.056 (3) 


H6 


0.2039 


0.1770 


0.5814 


0.068* 


C7 


0.2264 (3) 


0.0807 (8) 


0.4140 (3) 


0.037 (2) 


C8 


0.1732 (4) 


0.1481 (9) 


0.4019 (3) 


0.044 (2) 
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Atomic displacement parameters (A 2 ) 
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109.5 


H28B — C28 — H28C 


109.5 


p. "J CT XTT PT 1 

<J3 — bZ — JNZ — CZ1 


1 *7n C /*7\ 

-1 /y.j (/) 


r\A CT XTT PT 1 

U4 — bZ — JN Z — CZ 1 


cn 1 

-jU.1 (0) 


p 1 c C T XTT PT 1 

C 1 J — hi — JN Z — CZ 1 


00. U (0) 


r\i CT PIC p 1 r 

U3 — bZ — C 1 J — C 1 0 


ti 0 /n\ 
— Z3.0 (y) 


r\A CT PIC p 1 r 

U4 — bZ — C 1 J — C 1 0 


1 f/: /i /o\ 

— 1 jo. 4 (0) 


XTT CT pi C f~^~\C 

N 2 — S2 — C 1 5 — C 1 6 


88.4 (8) 


03— S2— C15— C20 


152.8 (8) 


04— S2— C15— C20 


20.2 (9) 


N2— S2— C15— C20 


-95.0 (8) 


C20— C15— C16— C17 


5.0(15) 


S2— C15— C16— C17 


-178.4 (8) 
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pi Pi pi r^A 
CI — Cz — C3 — C4 


A Q /1 A\ 

U.o (IV) 


pk pi<r p 1 -7 no 
C 1 5 — C 1 6 — C 1 / — C 1 o 


1 1 / 1 H\ 

-2.1 (17) 


pi pi p/i pc 
Cz — C3 — C4 — CD 


a a /1 a\ 

— u.y (IV) 


pit p 1 -7 no no 

ci6 — ci / — cio — ciy 


A A / 1 Q\ 

u.y (is) 


pi pi p/i pi 1 
Cz — C3 — C4 — CI 1 


1 *7 Q A / 1 A\ 
1 /O.U (1U) 


n<: pit no pi-> 
C 1 6 — C 1 / — C 1 0 — Clz 


1 "7A A /A\ 

—i /y.u (v) 


pi p/i pc p/r 

C3 — C4 C5 — CD 


1.3 (18) 


r^i"7 nc rio r^in 
C 1 / — C 1 o — C 1 y — CzO 


—z.j (lo) 


pi 1 a pc p/: 
CI 1 — C4 — CD — Co 


1 T7 C /A\ 
—1 / /.J (V) 


pi-> n o nn nn 
Clz — C 1 0 — c i y — CzO 


1 "7*7 1 /A\ 

1 / 1 .5 (y) 


f^A r^c r*t. 

C4 — CD — Co — C 1 


-1.7 (17) 


nio p 1 p. pto pi r 

C 1 0 — C 1 y — CzO — C 1 5 


5.4 (17) 


pi p 1 p/: pc 
Cz — CI — Co — C5 


1.0 (1 J) 


n<: nc nn 

C 1 6 — C 1 5 — CzO — c i y 


— D.O (1 J) 


ci pi p/r pc 

M — CI — Co — Cj 


1 /O.V (o J 


ci r^ic no pin 

bz — c i j — czo — c i y 


i /D.j ) 


ei \ti p-7 

M — JN1 — C/ — Clz 


n\ a f \ a\ 
— / 1.4 (1U) 


CI \n nl p^/ 

Sz — JNz — Czl — Czo 


£1 1 /1 1 \ 
DZ.Z (11) 


CI \T| p-7 PQ 

M — JN1 — C/ — Co 


i in £ /Q\ 

llU.o (o) 


CI \T1 pTi P->-> 

i>2 — JN z — Cz 1 — Czz 


111 o /o\ 
— 121.5 (o) 


p-7 po pp. 

ciz — c/ — cs — cy 


1*7/1 Q\ 

-2.7 (13) 


pi/ pti p->-> ni 
Czo — Cz 1 — Czz — Cz3 


1 1 / 1 1 \ 

2.1 (13) 


\r1 p-7 po PPi 

jn i — c / — Co — cy 


1 7C 1 /Q\ 
1 / J.J (o) 


xn pti p->-> ni 
JN z — Cz 1 — Czz — Cz3 


1 "71 A ZO\ 

-1 /i.y (o) 


f~*H po po nn 

c / — Co — cy — c i o 


1 *7 /1 1 \ 

2.7 (13) 


pni poi pT] pii 

Cz 1 — Czz — Cz3 — Cz4 


A C /1 T\ 

— U.J (13) 


t~*H PO po n i 

c / — Co — cy — c 1 5 


—1 /4.0 \y) 


PTl P->-> PT] P->"7 

Cz 1 — Czz — Cz3 — Cz / 


1 *7A 1 ZO\ 

1 /y.i (5) 


po ppi nn P11 

Co — cy — C 1 0 — C 1 1 


1 C /1 /1\ 

-1.5 (14) 


P->-> PT1 P->/1 Plf 

Czz — Cz3 — Cz4 — Cz5 


1 1 /1 /1\ 

-1.2 (14) 


pi i pp. pin n 1 

c i i — cy — C 1 0 — C 1 1 


1 -7C n / 1 n\ 

i o.y (io) 


P->"7 PT] pii PTC 

Cz / — Cz3 — Cz4 — Cz5 


1 *7A 1 /A\ 

1 ly.l (V) 


pp. nn pn 

cy — cio — en — ci2 


0.2 (15) 


pn P->/1 PTC P1/C 

C23 — C24 — C25 — C26 


1 1 /1 A\ 

1.2 (14) 


C9— CIO— Cll— C14 


-177.6 (9) 


C23— C24— C25— C28 


-179.6(10) 


CIO— Cll— C12— C7 


-0.2(15) 


C22— C21— C26— C25 


-2.1 (14) 


C14— Cll— C12— C7 


177.7 (9) 


N2— C21— C26— C25 


173.8 (8) 


C8— C7— CI 2— Cll 


1.4(13) 


C24— C25— C26— C21 


0.4(14) 


Nl— C7— CI 2— Cll 


-176.6 (9) 


C28— C25— C26— C21 


-178.7(10) 



Hydrogen-bond geometry (A, °) 

D—H-A D — H H-A D-A D—H-A 

Nl— HlA-02 i 0.86 2.49 3.001 (9) 119. 

N2— H2A-01" 0.86 2.39 3.006 (9) 130. 

Symmetry codes: (i) -x+1/2, >>+l/2, z; (ii) -x+1/2, -y+l, z-1/2. 
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